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1. PURPOSE OF STUDY

The following report’summarizes the results of a study to inves-
tigate the least costly means of maintaining an acceptable water
level in the Hill Annex pit using conventional pumping systems.

Each of the systems investigated are described in the report
along with the capital costs and operating cost of each. A rec-
ommended system was selected based on lowest capital and operat-
ing costs. A time requirement for dewatering the pit to the
desired level was not a design criteria for this study.

2. SUMMARY
Since pumping ceased in 1986, the level of water in the Hill
Annex pit has risen an estimated 85 feet, and the number of gal-
logs contained in this volume of water is estimated to be 3.03 x
10”7 gallons.

During the fall of 1988, a barge mounted turbine pump and pipe-
line were installed to minimize any further rise in water level.
At the present time this pump is maintaining the present water
level. However, measurements taken during pump operation indi-
cate the pump is not operating on its original curve, probably
due to wear. If this pump is to be used to maintain the final
desired level in the pit, it should be rebuilt. The original
Hill Annex pit pump has been recently rebuilt and the motor serv-
iced and is ready for operation. The original barge will have to
be repaired if it is to be used for pit dewatering. The pumping
systems considered utilized these pumps along with a standby
electrical generator in order to qualify for "dual fuel" power
rates.

3. RECOMMENDATIONS

Based on the results of this study, it is recommended that the
existing pumping system be upgraded by placing into service a new
higher efficiency pumping system (System No. 2).

The existing Ingersoll-Rand pump should remain in service to
serve as a backup.

It is recommended that MP&L be requested to change the rate
structure under which Hill Annex is charged from Schedule 35 to
Schedule 16, 26, 36 (Dual Fuel). Although an alternate energy
standby system is required to be eligible for Schedule 16, 26,
36, electrical operating costs would be approximately one-half of
the current costs under Schedule 35.






4. PUMPING SYSTEMS

Six different pumping systems were studied.

1. Pump all inflow from the Hill Annex with existing
(Peerless turbine) pump at the present location
utilizing existing pipeline.

2. Pump all inflow from the Hill Annex with a new higher
efficiency pump mounted on the existing barge at the
present location.

3. Pump all inflow from the Hill Annex utilizing both the
original (Ingersoll-Rand) and the existing (Peerless
turbine) pumps &nd pump through existing pipeline.

4. Utilize existing turbine pump and install a new pipeline
similar to existing configuration. Leave existing
pipeline as a standby system and for initial dewatering.

5. Pump the Hill Annex inflow with existing pump at the
present location, and pump the Arcturus/Gross Marble
inflow to either Mud or Diamond Lakes.

4. Pump Hill Annex into the Cross Marble, the Gross Marble
into the Arcturus pit, and Arcturus into Diamond Lake.

All pumping systems were evaluated at the expected normal operat-
ing conditions, that is, with the Hill Annex water level at the
desired 1130 elevation, and the Gross Marble and Arcturus pits at
near overflow levels.

System No. 1l:

Use existing pump and pump through existing 12" 1line in the
existing configuration. Add approximately 400' of new pipe to
replace old pipeline wunder road and to allow for barge
settlement.

Pump: Peerless Model 16MC, 5 stage vertical turbine,

Motor: 400 HP, 4000 volt, 1775 RPM.

Pipeline: 12" diameter, spiral weld steel, 3000 feet
long.

Performance: 3000 GPM, 380' TDH, 80% pump efficiency, 360
BHP, 292 KW power draw, 6555 operating hours
per year. Estimated time to dewater pit if
run year round = 5.6 years.






System No. 2:

Install a new higher efficiency turbine pump on existing barge
and pump through existing pipeline at existing location. Add
approximately 400' of new pipe to replace old pipeline under
roadway and to allow for barge settlement.

Pump: Peerless Model 16HXB, 5 stage vertical
turbine.

Motor: 400 HP, 4000 volt, 1775 RPM (reuse existing).

Pipeline: 12" diameter, spiral weld steel, 3000 feet
long.

Performance: 3000 GPM, 380' TDH, 84% pump efficiency, 343
BHP, 275 KW power draw, 6555 operating hours
per year. Estimated time to dewater pit if
run year round = 5.6 years.

System No. 3:

Use original pump and existing turbine pump to pump through
existing 12" line in the existing configuration. Add approxi-
mately 400' of new pipe as above and provide separate power cir-
cuit for turbine pump.

Pumps: Ingersoll- Rand Model 8X23SF and Peerless
Model 16-MC vertical turbine.

Motors: 450 HP and 400 HP, 4160 volts, 1760 RPM.

Performance: Ingersoll-Rand - 2000 GPM at 450' TDH,

Peerless turbine - 2500 GPM at 450' TDH for a
total of 4500 GPM, 4370 operating hours per
year. Estimated time to dewater pit if run
year round = 1.8 years. :

System No. 4:

Use original pump and install new pipeline similar to the origi-
nal configuration. The original pump has been rebuilt and would
be the main pump. To provide standby service and to help with
the initial pit dewatering, the existing turbine pump/barge and
pipeline would remain.

Pump: Ingersoll-Rand Model  8X23SF with 83F3A
impellor, 21" diameter.

Motor: Westinghouse 450 HP, 4000 volt, 1775 RPM,
Frame 588-5-S, 1.15 service factor.
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Pipeline: 12" diameter, spiral weld steel, 2600 feet
long.

Performance: 3200 GPM, 385' TDH, 76% pump efficiency, 404
BHP, 324 KW power draw, 6555 operating hours
per year. Estimated time to dewater pit if
run year round = 3.5 years, 1.6 years if both
pumps are run year round.

System No. 5:

Use original pump/barge to pump approximately half the inflow
from Hill Annex, and use the existing pump/barge to pump, under
less head, the remaining inflow from the Gross Marble into Mud or
Diamond Lakes.

Pump: Hill Annex - Ingersoll-Rand Model 8X23SF with
83F3A impellor, 21" diameter.

Gross Marble - Peerless, Model 16-MC, 5 stage
vertical turbine.

Motor: Hill Annex - Westinghouse 450 HP, 4000 volt,
1775 RPM, Frame 588-5-S, 1.15 service factor.

Gross Marble - 400 HP, 4160 volt, 1750 RPM.

Pipeline: Hill Annex - 12" diameter, spiral weld steel,
2600 ft. long.

Gross Marble - 12" diameter, spiral weld
steel, 2600 ft. long.

Performance: . ‘Hill Annex =~ 3200 GPM, 385' TDH, 76% pump
efficiency, 404 BHP, 324 KW power draw, 3550
operating hours per year.

Gross Marble - 2600 GPM, 223' TDH, 76% pump
efficiency, 193 BHP, 155 KW power draw, 3551
operating hours per year.

System No. 6:

Use existing turbine pump and install two new pumps so each mine
pit has a pump/barge. Also install new pipelines from pit to pit
so water is pumped relay fashion to Mud or Diamond Lakes.

Pumps: Hill Annex - Centrifugal double suction.






Gross Marble - Existing Peerless turbine.
Arcturus - Centrifugal double suction.

Motors: ‘ Hill Annex - 150 HP, 4160 volt, 1760 RPM
Gross Marble - 400 3?, 4160 volt, 1760 RPM.
Arcturus - 250 HP, 4160 volt, 1760 RPM.

Pipeline: Hill Annex - 12" diameter, spiral weld steel,
3000 ft. long.

Gross Marble - 12" diameter, spiral weld
steel, 2600 ft. long.

Arcturus - 16" diameter, spiral weld steel,
2600 feet long.

Performance: Hill Annex - 2400 GPM, 148' TDH, 4361 hrs./yr.

Gross Marble - 3200 GPM, 157' TDH, 5469
hrs./yr. :

Arcturus - 4500 GPM, 152' TDH, 4370 hrs./yr.

5. ECONOMIC EVALUATION

Operating costs for all the systems listed above were determined.
These operating costs are fuel costs, scheduled maintenance
costs, and capital costs. Fuel costs were calculated based on
the following: Electric costs - MP&L's rate schedules 35, 16,
26, 36; and diesel fuel - $1.10 per gallon. Electrical costs
were estimated assuming that the pumps would be run continually
for the required number of hours per year and not run on the
basis of pumping part of each month. Rate schedule 35 demand
charges are based on the highest 15 minute load per billing
period. Demand charges drop for billing periods that have no
pumping. Power costs were -calculated with the high voltage dis-
count included in the rates. Scheduled maintenance costs for
diesel driven equipment were calculated based on the recommended
service intervals and costs called for in the Caterpillar
Handbook. Capital costs are based on amortizing the total
estimated, contractor installed equipment costs over a twenty
year period at an interest rate of 10%. Total yearly costs
assume Schedule 16, 26, 36 power rate is charged. All pumping

systems were based on a barge mounted pump station. The new
barge price was based on 24' x 16' X 4' steel barge made of
structural steel members covered with 1/4 inch plate. The new

barge is protected from freezing by an air bubbler system. The
air compressor for that system was sized for 75 cfm at 50 psi.






The barge was priced without a pump enclosure. In the systems
where a new pipeline is indicated, that pipeline runs beyond the
rim of the pit and discharges into a ditch. Details of the eval-
uation are given below.

System No. 1l:

Fuel Costs:

Electric Charges (MPL) - Schedule 35 Schedule 16, 26, 36

Demand Charges $10,730.00 0
Energy Charges $88,640.00
Subtotal $99,370.00 $47,580.00

Capital Costs:

Turbine Pump (Rebuild) $14,000.00
& install existing)
Pipeline - Add 400'

12" $14,800.00
Subtotal $28,800.00
Amortizing Cost - Pumping Station $§3,380.00
Amortizing Cost - Gen Set $14,560.00
Total Yearly Costs $65,520.00

Repairing the original barge and installing the original
(Ingersoll-Rand) pump was more costly -than rebuilding and
installing the existing turbine pump. This fact, plus the higher
operating efficiency of the turbine pump, is why the turbine pump
was included in the capital costs.






System No. 2:

Fuel Costs:

Electric Charges (MPL) - Schedule 35 Schedule 16, 26, 36

Demand Charges $10,000.00 - 0
Energy Charges $83,480.00 $44,830.00
Subtotal $93,580.00 $44,830.00

Capital Costs:

Turbine Pump (less $10,000.00
motor)
Install on existing $11,000.00
barge
Pipeline - Add 400
12" Steel $14,800.00
Subtotal $35,800.00
Amortizing Cost - Pumping Station $4,210.00
Amortizing Cost - Gen Set $14,560.00
Total Yearly Costs $§63,600.00

New turbine pump was included in capital costs because of favora-
ble payback. :

Install cost of new higher efficiency (84%) $21,000.00
turbine pump installed on existing barge.

Install cost to rebuild and install existing $14,000.00
80% efficient turbine pump on barge.

$7,000.00
Energy savings with higher efficiency pump:
$47,580.00 (System No. 1)

$44,830.00 (System No. 2)
$2,750.00 Savings

Simple Payback = §7,000.00 = 2.5 yrs.
§2,750.00 '






System No. 3:

Fuel Costs:

Electric Charges (MPL) - Schedule 35

Schedule 16, 26,

36

Demand Charges $19,440.00
Energy Charges $107,460.00
Subtotal $126,900.00

Capital Costs:

Barge (Repair exist.) $10,000.00

Turbine Pump Repair $4,000.00
Install Pumps $8,000.00
Pipeline - Add 400
12" Steel $14,800.00
Cable & Disconnect $36,500.00
Subtotal $73,300.00

Amortizing Cost - Pumping Station

Amortizing Cost - Gen Set
Total Yearly Costs

System No. 4:

Fuel Costs:

Electric Charges (MPL) - Schedule 35

Demand Charges $11,500.00
Energy Charges $83,840.00
Subtotal $§95,340.00

Capital Costs:

Barge (Repair exist.) $10,000.00

Turbine Pump Repair $4,000.00
Install Pumps $8,000.00
Pipeline, New 12"
Plastic $108,500.00
Cable & Disconnect $36,500.00
Subtotal $167,000.00

Amortizing Cost - Pumping Station

Amortizing Cost - Gen Set
Total Yearly Costs

0
$57,670.00
$57,670.00

$8,610.00.
$14,560.00
$80,840.00

Schedule 16, 26,

36

0
$45,020.00
$45,020.00

$§19,620.00
$§14,560.00
$79,200.00







System No. 5:

Fuel Costs:
Electric Charges (MPL) - Schedule 35 Schedule

16, 26, 36
Demand Charges $16,700.00 0 :
Energy Charges $74,120.00 $39,930.00
' Subtotal $90,820.00 $39,930.00
Capital Costs:
Barge (Repair exist.) §10,000.00
Install Pump $4,500.00
Pipeline, New 12"
Plastic $96,000.00
Cable & Disconnect $36,500.00
Pole Line $110,000.00
Subtotal $§257,000.00
Amortizing Cost - Pumping Station $30,200.00
Amortizing Cost - Gen Set $14,560.00
Total Yearly Costs $84,690.00
System No. 6:
Fuel Costs:
Electric Charges (MPL) - Schedule 35 Schedule 16, 26, 36
¢ Demand Charges $§12,850.00 0
Energy Charges §70,850.00 $§37,960.00
Subtotal $83,700.00 $37,960.00
Capital Costs: ‘
Barge, New ' $30,000.00
Barge, Remodel $10,000.00
Pipeline (3) $270,000.00
Cable & Disconnect (2) $73,000.00
Pole Line $110,000.00
Pumps & Motors (2 new) $35,000.00
Air Compressor $4,000.00
Subtotal $532,500.00
Amortizing Cost - Pumping Station $62,510.00
Amortizing Cost - Gen Set $14,560.00
Total Yearly Costs $115,030.00






Standby Enerqgy System:

In order to qualify for the Schedule 16, 26, 36 (Dual Fuel) rate,
MP&L requires an alternate energy means of providing power should
regular service be interrupted. Details of estimated costs are
as follows:

Fuel Costs:

Diesel fuel at $1.10/gal. (100 hrs operation) $2,750.00

Lubricants, Misc. ' $120.00
Subtotal $2,870.00

Capital Costs:

800 KVA Diesel Gen
Set (New with

weatherproof ,
enclosure) $80,000.00
Set-up Transformer $§14,000.00
Transfer Switch $4,000.00
Fuel Tank, 1000 Gal. $1,500.00
Subtotal $99,500.00
Amortized Cost $§11,690.00
Total Yearly Costs $14,560.00

It is desirable to qualify for the Schedule 16, 26, 36 (Dual
Fuel) rate because of the electrical power savings possible. For
example, the simple payback for System 1 would be as follows:

Electric charges Schedule 35 = $99,370.00
Electric charges Schedule 16, 26, 36 = $45,580.00
Savings/year $51,790.00

Simple Payback = $99,500.00 = 1.9 yrs.
$51,790.00
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APPENDIX A - ELECTRICAL RATE DATA

Following this page are MP&L rate schedules 35 and 16, 26, 36.
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'mb;n.lll Rev. S/08
MINNESOTA POWER & LIGHT COMPANY SECTION _Y__ PAGENO. _14.1
ELECTRIC RATE BOOK — VOLUME | REVISION __l8th Revised

SCHEDULE 35
GENERAL SERVICE (Continued)

HIGH YOLTAGE SERVICE .
Where customer contracts for service delivered and metered at (or
compensated to) the available high voltage of 13,000 voits or higher, the monthly
%i:. befgre Adjustments, will be subject to a discount of $0.50 per kW of Billing
mand.

ADJUSTMENTS : :
: 1.  There shall be added to or deducted from the monthly bill, as computed
above, a fuel adjustment determined in accordance with Fuel Clause No. 14, stated
in Rider for Fuel Adjustment. :

2. Plus the applicable proportionate part of any taxes and assessments
imposed by any governmental authority which are assessed on the basis of meters
or customers, or the price of or revenues from electric energy or service sold, or
the volume of energy generated, transmitted or purchased for sale or sold.

DETERMINATION OF THE BILLING DEMAND
A demand meter will be installed when customer’s use exceeds 2500 kWh for
‘three consecutive months or where the connected load indicates customer's
demand may be greater than 10 kW.

The Billing Demand will then be the kW measured during the 15-minute
period of customer’'s greatest use during the month, as adjusted for power factor,
but not less than the minimum demand specified in customer’s contract

Demand will be adjusted by muiltiplying by 85% and dividing by the average
monthly power factor in percent when the average monthly power factor is less than
85% lagging. -

PAYMENT .
Bills are due and payable at any office of Minnesota Power & Light Company
15 days foilowing the date the bill is rendered or such later date as may be
specified on the bill.

——
O ——

Fiing Dats Mav 1, 1987 MPUC Dockaet No. _EQ15/GR-87-223
Effective Date March 1, 1988 Order Dats August 26, 1988

Y7

uo Vice President, Finence eng Cuet Financiai Qtficer
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MINNESOTA POWER & LIGHT COMPANY SECTION Y PAGENO. 14
ELECTRIC RATE BOOK — VOLUME | ~ REVISION _18th Revised

—— — w—

— _—

SCHEDULE 3§
GENERAL SERVICE
TERRITORY ' '
Applicable in Rate Area lil.
APPLICATION

To any customer's electric service requirements when the total electnc
requirements are supplied through one meter. Service shall be delivered at one
point from existing faciliies of adequate type and capacity and metered at (or
compensated to) the voitage of delivery. Service hereunder is limited to Customers

with total power requirements of less than 10,000 kW and is subject to Company’s
Electric Service Reguiations and any applicable Riders.

Applucable to muitiple metered service only in conjunction with the respective
Rider for such service.

TYPE OF SERVICE

- Single phase, three phase or single ‘and three phase, 60 hertz, at one
standard low voltage of 120/240 to 4160 volts.

RATE (Monthly)

CUSTOMERS WITHOUT A DEMAND METER
- $4.65 Semce Charge

Enerqgy Charge
6.401¢ per kWh for all kWh

CUSTOMERS WITH A DEMAND METER
$4.65 Service Charge

Demand Charge
$4.10 per kW for all kW

" Energy Charge
4.631¢ per kWh for all kWh

P]us any applicable Adjustments.

MINIMUM CHARGE (Monthly)

$4.65 plus any applicable Adjustments, however, in no event will the Minimum
Charge (Monthly) for three phase service be less than $12.00

Filing Dats Mav 1, 1987 MPUC Dockat No. .E015/GR-87-223
EMective Date __March 1, 1988

Order Data August 26, 1988

Groug Vice President, Finance and Chief Financial Otficer
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agy, v4.74
- MINNESOTA POWER & LIGHT COMPANY VOLUME I - sEeTioN ¥
ELECTRIC RATE BOOK —2nd Revised pacevo. __§
(5 - SCREDULES 16, 26, 36
> . COMMERCIAL/INDUSTRIAL DUAL FUEL INTERRUPTIBLE ELECTRIC SERVICE
58 s

X,
S § STERRITORY
é;v . Applicable to all Ra:c Areas.
@ N\ "'? APPLICATION
g &
©

B To the interruptible electric sarvice requirements of

,é? Commercial/Industrial Customers where a non-electric source of energy
! E;; is available to satisfy these requirements during periods of interrup-
) tion. Service shall be delivered at one point from facilities of

adequate type and capacity and shall be metered at (or compensated to)
the voltage of delivery. Service is subject to Company's Electric
Service Regulations and any applicable Riders.

TYPE OF SERVICE
Single phase, three phase or single and three phase, 60 hertz, at
one standard low voltage of 120/240 to 4160 volts; except that within
the Low Voltage Network Area service shall be three phase, four wire,
60 hertz, 265/460 volts.

RATE (Montﬁly)

Secondary Primary
Service Service
Service Charge $10.00 $10.00
. Energy Charge
R E All kWh (per kWh) 2.86¢ 2.48¢
S ‘ o

Plus any applicable Adjustments.

The Primary Service Rate is applicable where service is delivered
and metered at (or compensated to) the available primary voltage.

MINIMUM CEARGE (Monthly)
- The Minimum Charge shall be the Service Charge plus any applicable
- I - Adjus:ments.

BERNY

ADJUSTHENTS - "

.1, -There shall be added to or deducted from the monthly bill, as
compu:ed above, a fuel adjustment determined in accordance with Fuel
Clause No. 14, stated in Rider for Fuel Adjustment.

2. Plus the applicable proportionate part of any taxes and
assessments imposed by any govermmental authority which are assessed on
the basis of meters or customers, or the price of or revenues from
electric energy or service sold.

3. Bills for service within the corporate limits of the City of
Duluth shall include an upward adjustment as specified in the Rider for
City of Duluth Franchise Fee.

. Approved M - Title Eresident & Chief Operating Officer
' Issued by authority of the Minnesota Department of Public Service
Submitted _April 24, 1987 Order No. _EO15/M-87-238 Dated _July 15, 1987

Effective _ July 15, 1987
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MINNESOTA POWER & LIGHT COMPANY VOLUME ! - SECTION v
ELECTRIC RATE 800K -2nd Revised pacevo. _ 6.1
SCHEDULES 16, 26, 36 (Cont'd.)
(’ COMMERCIAL/INDUSTRIAL DUAL FUEL INTERRUPTIBLE ELECTRIC SERVICE {(Cont'd.)

PAYMENT
Bills are due and payable at any office of Minnesota Power & Light
Company 15 days following the date the bill is rendered or such later
date as may be specified on the bill.

CONTRACT PERIOD .
Not less than thirty days or such longer period as may be required
under an extension agreement.

SERVICE CONDITIONS
1. The primary energy source for the Company approved Dual Fuel
installation wmust be electric. An approved Dual Fuel installation
requires that the secondary or back-up energy source be capable of
continuous operation. Under no circumstances will firm electric
service qualify as the secondary or back-up energy source.

2. The interruptible load of the approved Dual Fuel installation
shall be separately served and ne:ered and shall at no time be
connected to facilities serving customer's firm load.

3. The duration and frequency of interruptions shall be at the
discretion of Company. Interruption will normally occur at such times:
- (a) when Company 1s required to use oil-fired generation
: . : equipment or to purchase power that vresults in
( : : equivalent production cost,
(b) when Company expects to incur a new system peak, or
(c) at such other times when in Company's opinion the .
reliability of the system is endangered. .

4. Comﬁiny shall not be liable for any loss or damage caused by
or resulting from any interruption of service except in the case of
gross negligence on the part of the Company.

. .; e S. Customer must-be prepared to supply all of the interruptible
. : .. - :load from an altermative energy source for up to 302 of customer’s Dual
) . Fuel Tequirements during any annual period.

. ‘6. If required by Company, Company will provide, at customer's

. expense, .and customer will dinstall, as directed by Company, a
load-break switch or circuit breaker. Customer must provide a
continucus 120 volt AC power source at Company's control point for
operation of Company's remote control equipment.

7. The rate contemplates that this service will utilize existing

facilities with no additional major expenditures. Customer shall pay

- Company the installed cost of any additional facilities required which
are not supported by this rate.

—
—

Approved Title President & Chief Overating Officer
‘ " Issued by authority of the Minnesota Department of Public Service
. Submitted _April 24, 1987 Order No. EOIS/M-87 238 Dated _July 15, 1987

Effective _July 15, 1987
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APPENDIX B - LOCATION MAP

Following this page is a location map of the proposed pumping
systems.

12






“._.~ Watershed
et ) QOundary

N (\_

! L

LT roi. Mine —7
e _\/* u«"lTallnngs Pond Prl Boundury Y
g /\ """ ; e mAT w/
J[SveTem] [SYsTem "“/"M
-Dlamond . No. & Mo 50, 2
Lake ~ | YK e gpos ¢

(S rev

Wy A
e e ’ - N ” ~6 “~ "}~

mNE r W s REDorteg -
_ARCTURUS % ¥ - Mg ko : - ;..,_,\\..-'. T Musaum |
\ 0 - -y “\ - [ ° . -

Lowps‘l)iv. -P'\ o, ‘hno u. R . \ 0‘“;! . \"B ;
’ [ —-p a1 a2 .,._. - \ MY E .
13652 MSL' o [Proposed Fawer| ™ W H L ¢k ;..I"Q“’ "“"f

oy '“"”// PoLe LINE For| ~ =5t aul:Marblels )y e

y \-. G o o~ : - <
(kxerflo E"Y‘-,. Aiea S ¥ ' Club Hodse ©

“Lrest Elev
. Approx .

.$~.

1 18152 MSL

([ "] // % '.,”‘ . os;
o 21~ }7 A. 22

5 Svs'rems s é y' 3. LI G 22 NS
. /—-.‘ ..... ‘,. .l‘

. J . , ¥
. ./ . . .I . R <
o - - (‘-\' \-. ,‘ :”" E -.‘.
. I.T =% k LIS 4 6&’ -

0 2000 %000 O Subwatershed Designation

%
o
l).’

AL

R .l'
'..“. l__l,
]

PRI

“)
\« ,"\

r‘t

-~ .
an s i B k‘ - T ‘\
n&-u;’ sl

LOCATION MAP

- AaNEeaer S S GA{INT






